Introduction
Drivers prone to sudden and unexpected transient impairment of consciousness are at increased risk for having a motor vehicle collision (MVC) [1, 2] . While driving is critical for independence, employment and overall quality of life [3] , physicians must also consider the risks of human injury or property damage when advising their patients. As such, patients with epileptic seizures are frequently counseled against driving by their physician because of safety concerns [4] . A sudden and unexpected transient impairment of consciousness, however, can also occur in several conditions that mimic seizures (e.g., syncope, psychogenic seizures, hypoglycemia, sleep attacks), and it has been estimated that these are 3-10 times more prevalent than are seizures [5] [6] [7] . The onus, therefore, falls squarely on physicians to evaluate driver fitness for a great number of patients, and to counsel against driving notwithstanding the potential impact upon patients' quality of life [8] .
Clinical practice guidelines have been developed to help guide physicians' driver fitness evaluations [9] [10] [11] [12] [13] [14] [15] . In spite of evidence that physicians' driver fitness counseling effectively reduces MVCs and related injuries [16] , physicians frequently fail to counsel their patients according to guidelines [17] [18] [19] . Omissions in driver fitness counseling may occur more frequently among primary care physicians (PCPs) compared to specialists, as one retrospective chart review of 267 drivers presenting to an Emergency Department (ED) following a transient impairment of consciousness found that counseling against driving increased from 7.1% to 34.5% after a neurologist became involved [4] . Primary care physicians Purpose: To determine primary care physicians' counseling as well as patients' driving behaviors following seizure and non-seizure events impairing consciousness in the community. Methods: Patients attending a rapid-referral first seizure clinic were entered into the study if they were deemed medically-unfit to drive according to national guidelines for driving licensure: had experienced a seizure or an unexplained episode of lost consciousness, and had a valid driver's license at the time of their index event. Risk of physician counseling in the community regarding driving cessation in the interval between initial primary care assessment and neurological consultation was examined as a primary outcome, and patient driving cessation was examined as a secondary outcome. Results: 106 of 192 (55%) patients attending clinic met guideline criteria requiring driver fitness counseling in the primary care community, and 89 patients (46%) were deemed medically-unfit to drive following the initial specialist consultation appointment. Among medically unfit driver cases, 73% were ultimately deemed to have experienced a seizure and 27% had experienced a non-seizure event (e.g. syncope, PNES). Driver fitness counseling was more likely for seizure than non-seizure cases (unadjusted odds ratio: 4.14, p < 0.05), as was patient driving cessation (5.10, p < 0.05). Conclusion: Physician compliance with clinical practice guidelines appears strongly biased when counseling about driving following an episode of transient impairment in consciousness. The failure of the primary care medical community to apply driver fitness counseling equitably to both seizure and non-seizure drivers may have ramifications upon public safety or conversely disease-related quality-oflife.
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have incomplete knowledge of driver fitness guidelines [20, 21] and questionnaires of PCPs suggest that they may be preferentially targeting seizure patients [22] . In this study, we examined if seizure patients are more likely to: (a) receive counseling against driving in the primary care community following a transient impairment of consciousness event, and (b) subsequently cease driving, compared to medically unfit non-seizure patients.
Methods

Sample
The source population for the study was primary care-patient encounters for a recent episode of transient impairment of consciousness that require driving restrictions. Subjects were enrolled over 24 consecutive months (beginning December 2011) following initial consultation at the First Seizure Clinic (FSC) of the University of Alberta Hospital (Edmonton, Canada). The University of Alberta Hospital is a tertiary care referral center servicing northern Alberta. The ''First Seizure Clinic (FSC)'' is closely liaised with the primary care community in the region, offering prompt neurological consultation for patients with suspected or possible seizures who are not currently being followed by an adult neurologist. At the FSC, a fellowship-trained epileptologist (JJ) and general neurologist (PS) work in concert with an epilepsy nurse to evaluate patients typically within four weeks of their referral.
Alberta is a non-mandatory physician reporting jurisdiction in which the onus relies heavily upon patients to follow physicians' confidential counseling about driving. Medically unfit drivers very often remain unknown to the local Transportation Registry because patients neglect their legal duty to self-report (authors' observations). The province uses a solitary source to determine driver fitness, The Canadian Council of Motor Transportation Authorities (CCMTA) [9] document determining medical fitness to operate a motor vehicle (2011). Similar to other national guidelines [10] [11] [12] 14, 15] , the CCMTA instructs physicians (and patients) to cease driving after an unexplained episode of impaired consciousness. The CCMTA guidelines thereby instruct that patients referred to a specialty clinic following an unexplained transient alteration of consciousness (i.e. in which the referring physician requests additional expertise) require counseling against driving by their referring physician in the interim.
At the FSC, neurologists endeavor to determine driving risk based upon an assessment of recurrence risk as well as an assessment of accident risk in cases of recurrence. Decisions about driving cessation at the initial FSC encounter are again guided by the CCMTA document. Accordingly, for cases of a single neurocardiogenic syncopal spell or a seizure secondary to a reversed transient metabolic abnormality no driving precautions are given, whereas cases of frequently recurrent neurocardiogenic syncopal spells or a single unprovoked seizure are advised to at least temporarily refrain from driving.
Included in the study were patients attending the FSC and referred from the primary care community for an episode of transient impairment of consciousness. Patients were excluded if they did not routinely drive or did not have a valid driver's license at the time of the index event. Patients were also excluded if they had previously been seen by a neurologist for the index event or had been previously diagnosed with epilepsy by a neurologist.
The study was approved by the University of Alberta research ethics board. Written consent was waived by the board.
Measures
To evaluate driving behavior following the initial primary care patient encounter, self-reported interim driving behavior (yes/no) was assessed at the time of presentation to the FSC clinic. Using a standardized survey, the FSC nurse asked patients: ''Have you been driving a motor vehicle since the episode which prompted this referral?'' Patients' responses were recorded by the nurse in the Electronic Medical Record, and were entered into the study database (MS).
The primary study outcome was evidence of driver fitness counseling prior to the neurologists' assessment. Evidence of driver fitness counseling was ascertained using two strategies: (1) patients' self-report when asked by the FSC nurse: ''Were you told by a medical professional after your recent episode, and before today, not to drive a motor vehicle?''; (2) FSC referral documentation through retrospective medical chart review. Referring physicians' notes are forwarded to the FSC at the time of referral, and driver fitness counseling was deemed to have occurred if a reference to the term ''drive'', ''driving'', ''license'' or ''vehicle'' was discerned from physicians' mostly hand-written notes. Prior documented driving counseling was considered present if investigators recognized references to driving in physicians' notes; any evidence of driving counseling was considered present if, either, physicians' documented driving counseling or patients' selfreported prior counseling was ascertained by investigators.
Patients with transient loss of consciousness events were classified as either having clinically-probable seizures (hereafter termed ''seizure patient'') or having probable non-seizure events (hereafter termed ''non-seizure patient'') at the time of the FSC encounter by two board-certified neurologists (JJ, PS). Patient diagnoses were collected (MS) from ICD-10 codes within patients' Electronic Medical Record and recorded in the study database. Semiology of the index event (i.e. convulsive vs. non-convulsive) as well as any history of transient episodes of impaired consciousness prior to the index event were recorded from FSC notes.
Statistical analysis
Categorical data were displayed as counts and percentages for 67 seizure and 39 non-seizure patients, separately. Primary (i.e., counseling against driving) and secondary (i.e., driving history) outcomes were compared between the two exposure groups (seizure vs. non-seizure) using a chi-square test (KM). Sensitivity analyses included data on 17 patients that were deemed fit to operate a motor vehicle at the initial FSC neurological evaluation. Statistical significance was set at p < 0.05. Stata 11 statistical package (Stata Corp, College Station, TX) was used for all analyses.
Results
Among 192 patients initially evaluated at the FSC over 24 months, 106 (55.2%) were medically-unfit to drive after their PCP encounter and were included in the study. Eighty-six patients were excluded: eight did not have an alteration in consciousness with their events, four did not provide information about their driving behaviors at the FSC, 59 did not have a valid driver's license or were not drivers, five had seen another neurologist during the event-FSC interval, and ten had a pre-existing diagnosis of epilepsy.
Characteristics of 106 eligible subjects evaluated in the FSC are detailed in Table 1 . Of the 106 eligible subjects, 89 (84.0%) were deemed medically unfit to drive following the specialist FSC evaluation. Among medically unfit drivers, driver fitness counseling was documented for 46 patients (52%), and any evidence (i.e. PCP documentation or by patient report) of prior driver fitness counseling was found for 74 (83.1%) patients.
Overall 58 (65.2%) unfit drivers reported having ceased driving after their index episode of impaired consciousness. Comparison of PCP counseling and patient driving cessation proportions for seizure and non-seizure patients among medically unfit drivers is shown in Table 2 . Seizure patients were more likely to have received driver fitness counseling by their referring PCP physician as compared to non-seizure patients (89.2% vs. 66.7%; OR = 4.14, p < 0.05). Driver fitness counseling was not clearly associated with a history of episode(s) of altered consciousness prior to the index event (multiple vs. single, OR 0.92 (95%CI: 0.30-2.80) or convulsive semiology of the index event (convulsive vs. non-convulsive, OR 3.53 (95%CI:0.42-29.31); stratification by event type (i.e. seizure or nonseizure event) for either semiology or event frequency parameters were not associated with driver fitness counseling for any sub-group (data not shown). The prevalence of driving cessation was 65% overall, and was greater for seizure than for non-seizure patients (75.4% vs. 37.5%; OR = 5.10, p < 0.05). Sensitivity analyses including data on 17 patients that were deemed fit to operate a motor vehicle at the initial FSC neurological evaluation were similar: OR = 4.29 (p < 0.05), and OR = 4.86 (p < 0.05) respectively (data not shown).
Using data from the entire cohort of 106 eligible subjects, among the 87 patients counseled against driving 28 (32%) were still driving at their later FSC visit. Any evidence of prior driver fitness counseling was associated with a statistically significant higher proportion of driving cessation following an impairment of consciousness event (OR = 6.21; 95%CI = 2.05-18.80); sub-group analyses demonstrated that PCP driver fitness counseling was associated with driving cessation for the non-seizure patients (OR = 12.00; 95%CI = 1.35-106.00) and a trend toward the same for seizure patients (OR = 4.39; 95%CI = 0.87-21.90) (data not shown).
Discussion
Principal findings
Similar to other western countries, locally-relevant guidelines developed by Transportation Authorities in Canada [9] direct physicians to counsel patients against driving following an episode of transient impairment in consciousness requiring further specialized assessment. The two principal findings of our study are that patients ultimately determined to have experienced a seizure are more likely to, (1) have been counseled against driving by their PCP and, (2) cease driving as compared to comparable medically-unfit drivers. Prior driver fitness counseling by a physician was a strong predictor of later driving cessation by patients in our study. Our findings that almost 90% of patients that are seen in the community following a first seizure have been counseled against driving compared to 67% of other comparably unfit drivers as determined by locally-relevant guidelines suggest that counseling of drivers is the standard of practice for the former alone in spite of guidelines.
Strengths and weaknesses of the study
The main strengths of our study design as compared to others' who have examined the issue [4] are that medically unit drivers experiencing a transient alteration of consciousness were evaluated longitudinally for their driver fitness and using the gold standard of a specialist assessment. The data accumulated from a single specialized seizure clinic likely resulted in a referral bias wherein the numbers of non-seizure subjects were small. We are unable to determine with certitude that patients refusing to attend our specialty clinic following their referral, or those referred to see another specialty clinic (e.g. cardiology clinic) have also been differentially instructed about driving based upon their clinical presentation. Nonetheless, our sensitivity analysis demonstrating that non-seizure patients deemed fit to drive at the FSC (e.g. isolated neurocardiogenic syncope) had a very similar risk of prior PCP counseling as compared to non-seizure patients unfit to drive supports the hypothesis that guidelines are being differentially adhered to for seizure patients as compared to comparable conditions. Subjects were referred from a large number of PCPs working in multiple different locales including hospital (i.e. Emergency Department) and out-patient clinic settings, suggesting that our findings are generalizable beyond physicians seeing patients only within a tertiary care setting. Still, we cannot definitively state that our findings can be inferred to all countries given the cacophony of different driver fitness guidelines and Transportation Authority laws that exist around the world [9] [10] [11] [12] [13] [14] [15] 23] . Indeed even within individual countries, local seizure management practices have been found highly variable between geographically proximate sites [24] .
Comparison to other studies
Shareef et al. [4] audited the charts of patients presenting to an Emergency Department following a transient impairment of consciousness, and similarly found that seizure patients were more frequently cautioned against driving as compared to others experiencing a transient alteration in consciousness (30% vs. 3%). The higher rates of driver counseling for both diagnostic categories (seizure vs. non-seizure) found in our study (89% vs. 67%) can partially be attributed to a methodological difference wherein documentation was supplemented by patients' self-reports of prior counseling. We found that overall only 52% of unfit drivers had documentation of driving instructions in their charts but many patients (31%) had been counseled verbally about driving by their PCP without documentation. The importance of proper physician documentation of driver counseling instructions is underscored by ours' and others' findings that between 32-100% of patients experiencing a transient alteration in consciousness will continue to drive despite physicians' recommendations [25, 26] . By virtue of our FSC being a rapid-referral clinic in which patients are seen typically within two weeks of their event, the rate of patient noncompliance would likely be greater than the 32% we observed if sampling had occurred after a longer interval. The provision of reading material about driver fitness after a transient impairment of consciousness is standard in our FSC but is not elsewhere in the Canadian primary care community; an initiative wherein physicians are encouraged to provide driver fitness documentation to their patients may have medico-legal utility for physicians, however driving cessation may not commensurately be improved given that patients often recall driving instructions but choose to ignore them [26] .
Relevance of the study
Seizures and epilepsy have historically been considered uniquely hazardous to road safety, both by governments and the medical community. The first traffic accident attributable to epilepsy was reported in 1906 and once driving licenses became obligatory in the United States generally individuals with seizures or epilepsy were ineligible to drive. It was only later in the 1940s that epilepsy patients were considered for licensure under special circumstances [27] [28] [29] . Some have argued that there continues to exist a misconception in the medical community that laws (and clinical practice guidelines) pertain mainly to seizure disorders distinct from other medical conditions that may interfere with driving [25, 30] . A study of California Emergency physicians questioned about their clinical practice found that the vast majority (89%) would report patients to Transportation authorities after a seizure scenario, and would not report other causes of impaired consciousness (86%) in spite of state laws [22] . More restrictive beliefs regarding driving for seizure patients have been documented among PCPs than neurologists [21] , and even among neurologists one Canadian study found that 50% report patients with seizures compared to only 26% with dementia [30] .
In keeping with previous surveys, we also find that seizure patients managed in primary care practice are preferentially counseled against driving, and extend these findings to show that seizure patients commensurately drive less frequently than their comparative medically-unfit non-seizure counterparts. We did not find that physicians' counseling practices were associated with event frequency or with stark features of event semiology such as convulsive movements -which may occur with generalized tonic-clonic seizures or with convulsive syncopeperhaps suggesting that PCPs have diagnostic aptitude in differentiating seizures from non-epileptic events and restrict behaviors for seizure patients as a monothetic group. Physicians' targeting of seizure patients could be linked to historical practice (rather than epidemiological science) or may alternatively reflect a lack of clarity within guidelines particular to non-seizure conditions. Causes for this differential physician practice as well as their effects upon patient stigmatization [31] require further study.
Conclusion
Much effort has been spent developing statistical models to predict optimal driving cessation intervals for neurological patients [32] [33] [34] [35] . The effectiveness of driving cessation regulations has been reported using aggregate data [36] where inferences about behaviors of individual patients (e.g. patients' compliance with driving regulations) have been inferred on group statistics (e.g. patients' MVCs). However, the examination of aggregate data at the group level raises the concern of reporting an ecological fallacy. Unlike previous studies, the present study examined the behaviors of individual patients and suggests that not only patients' compliance but also physicians' compliance with clinical practice guidelines are important when examining disease-related MVCs.
